Latar belakang: Terdapat kaitan antara stroke dengan protein S100B dan glial fibrillary acidic protein (GFAP) yang terlepas saat iskemia. (OR = 3, 9; p < 0,001) 
the subject selection criteria, the severity of stroke, the onset of stroke, and the time of blood collection.
There has not been studied how the stroke severity will influence the concentration of S100B and GFAP in blood. Selection of a suitable marker in further study is required in accordance with the severity of neurological deficit. S100B protein and glial fibrillary acidic protein (GFAP) are brain specific markers that had been associated with stroke. S100B protein is located in the cytoplasm of astrocytes and GFAP is expressed in astrocytes cytoskeleton. 1, 2 Although several studies had showed that there was an association between S100B protein and GFAP with stroke, the strength of the association was low and inconsistent. It might be influenced by
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We want to know the concentration of S100B protein and GFAP in mild, moderate, and severe neurological deficit in ischemic stroke.
METHODS
This was a cross sectional study performed on 143 anterior circulation ischemic stroke patients who were admitted to hospital not more than 72 hours after the onset. Subjects were recruited from several hospitals in Jakarta and Makassar since June 2011 until December 2012. The diagnosis of anterior circulation ischemic stroke was made by neurologist based on the history or anamnesis, physical examination, and CT/MRI. This study has been approved by the Ethics Committee of Medical Faculty of Hasanuddin University, Makassar, Indonesia (Reg. No. UH11030054).
After obtaining informed consent, stroke subjects who had their first attack were included in this study. Patients who had liver dysfunction (female: AST > 54 U/L, ALT > 68 U/L; male: AST > 66 U/L, ALT > 100 U/L), serum creatinine > 1.6 mg/dL (141.44 μmol/L), random blood glucose < 55 mg/dL (3.0525 mmol/L), systolic blood pressure < 100 mmHg or diastolic blood pressure < 70 mmHg, and any histories of cancers, acute myocardial infarction, or congestive heart disease within the last 3 months were excluded from this study.
Blood were collected between 48 to 72 hours after stroke onset. Serum for S100B protein and GFAP measurement were kept at -20°C until all samples were ready to be analyzed and the diagnosis of anterior circulation ischemic stroke was confirmed. S100B protein was measured with ELISA method using CanAg S100BB EIA from Fujirebio (Cat. 708-10) and the result was reported in ng/L. The concentration of GFAP was measured with ELISA method using Human GFAP ELISA reagent from R&D (Cat. RD 192072200R) and the result was reported in ng/mL. The assays were performed at Research Department of Prodia Clinical Laboratory, Jakarta, Indonesia.
The severity of neurological deficit was measured with National Institute of Health Stroke Scale (NIHSS) score on their admission. The scores range from 0 as the minimal score to 42 as the maximal score. The NIHSS was classified as mild, moderate and severe if the score was less than 4, 4 to 15, and more than 15, respectively.
The concentration cut-off of each biomarker was determined using receiver operating characteristic (ROC) curve and classified into 3 levels; high if the concentration was higher or equal to the high cut-off value, low if the concentration was lower than the low cut-off value, and intermediate if the concentration was between both of those cut-off values (Table 3) .
Data was analyzed using SPSS 16.0 statistical analysis software for Windows (SPSS Inc., Chicago, IL, USA). The significant level of this analysis was set at 5%. The distribution data was analysis with Kolmogorov Smirnov test. The concentration of the markers were compared among mild, moderate, and severe NIHSS groups with Kruskal-Wallis analysis. The correlation and the association between markers level and stroke severity was analysis using Spearman correlation test and chi-square test, respectively.
RESULTS
This study involved 143 subjects who had been diagnosed as anterior circulation ischemic stroke and fulfilled the criteria. Subjects consisted of male and female, aged from 30 to 85 years old with various associated disease as shown in table 1. Most of the subjects were admitted to hospital with moderate NIHSS 103 (72.0 %), and there were only 4 (2.8 %) subjects who came with severe NIHSS.
The result of the S100B protein and GFAP did not show a normal distribution data therefore the data was analyzed with nonparametric analysis. The concentration of S100B protein (p < 0.001) and (p = 0.003) GFAP was significantly different among NIHSS groups on admission. Further post-hoc analysis using Mann Whitney test revealed a significant difference in S100B protein concentration among subjects with mild, moderate, and severe NIHSS. The more severe the NIHSS, the higher the S100B protein concentration. The median concentration of GFAP was significantly higher in severe NIHSS subjects than its concentration in mild and moderate NIHSS subjects. The median concentration of GFAP in the severe NIHSS subjects showed the highest level ( Table 2 , Figure 1 ).
The low and high cut-off values of S100B protein and GFAP were determined according to admission NIHSS (Table 3) . Table 2 . S100B protein and GFAP concentration according to the severity of NIHSS classification on admission The cut-off values in table 3 were used to tabulate the subjects with high, intermediate, and low level of biomarkers in subjects with severe, moderate, and mild NIHSS (Table 4 ). There was a significant correlation between the S100B protein level and and the severity of NIHSS at admission (r = 0.351; p < 0.001), but the GFAP did not show any significant correlation (p = 0.432).
Subjects with moderate and severe NIHSS more frequently had an intermediate or high level of S100B protein than subjects with mild NIHSS (OR = 3.9; p = 0.001). Subjects with severe NIHSS were more frequent to have a high level of S100B protein than the subjects with mild and moderate NIHSS (OR = 17.9; p = 0.001) ( Table 5 ). Table 4 . Table 3 . 
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DISCUSSION
An obstruction of cerebral blood flow in ischemic stroke will reduce the energy that is required for normal metabolism of brain cells. The ischemic brain cells are unable to control the passage of ions through cell membranes and cause intracellular accumulation of calcium ion. [3] [4] [5] Intracellular calcium accumulation will induce the apoptosis process and activate several enzymes that will result in the damage of the the brain cells. 3, 4 Although the disruption of blood brain barrier during ischemia allows the markers from the injured neuron or glial cells to be released into blood, 6 ,7 the presence of the blood brain barrier hamper the early detection of the markers. 8, 9 The amount of the glial cells is 50 times greater than the amount of the neurons so that the measurement of glial markers was expected to give a higher result than the neuronal markers.
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Among several markers from glial cells that had been studied, S100B protein and GFAP were reported to have a significant association with stroke (p < 0.001). 1, 2 Higher concentration of S100B protein and GFAP had been associated with larger lesion and more severe clinical outcome. [11] [12] [13] In this study, we evaluated S100B protein and GFAP in 143 patients diagnosed with anterior ischemic stroke. Most of subjects were admitted with moderate NIHSS (72.0%) ( Table 1) . We only got 4 subjects with severe NIHSS at admission, due to refusal in severe cases, or the stroke were not the first time, or the patients were admitted to the hospital more than 72 hours after the onset, or patients had already died within 48 hours after the onset.
The blood for S100B protein and GFAP analysis was collected between 48-72 hours after the stroke onset. This was performed as the result of some studies showed that the concentration of S100B protein and GFAP peak on day-2 and-3 after the stroke onset. 11, 13, 14 The result of this study showed that there was a significant difference in S100B protein concentration among subjects who were admitted with mild, moderate, and severe NIHSS. The highest median concentration was found in subjects with severe NIHSS, a lower concentration was found in subjects with moderate NIHSS, and the lowest concentration was found in subjects with mild NIHSS (Table 2, Figure 1 ).
There was a different pattern of elevated S100B protein and GFAP concentration according to the severity of neurological deficit at admission. The S100B protein concentration showed a linear relation in conjunction with the severity of NIHSS. The more severe the NIHSS, the higher the median concentration of S100B protein. While, a significant elevated GFAP concentration was found only if the NIHSS had already been severe. A significant difference in GFAP concentration was found between subject with severe and non severe (mild-moderate) NIHSS (Table 2, Figure 1 ).
The different pattern of S100B protein and GFAP according to the severity of NIHSS might be due to the difference of molecular weight of these molecules. S100B protein (10 -12 kDa) that had a lower molecular weight will be easier to pass through the blood brain barrier than GFAP that had a greater molecular weight (40-53 kDa). 12, 15, 16 In addition to molecular weight, a structural damage of cytoskeleton of astrocytes that were mainly composed of GFAP 12 may indeed require a more severe damage than that was necessary to simply cause the leakage of S100B protein from the cytoplasm of astrocytes. One experimental study showed that the disintegration of astrocytes membranes which facilitated the escape of protein in the cytoplasms appeared after the cells were exposed to ischemia for more than 4 hours, 17 while the expression of GFAP in astrocytes was depend on the severity of reactive astrogliosis. In healthy subjects, no GFAP was expressed. A varied GFAP expression began to appear in mild to moderate reactive astrogliosis, but a very high expression of GFAP was seen in severe reactive astrogliosis. 18 GFAP was found more frequently in intracerebral bleeding (82%) that had a rapid and more severe progression than the ischemic stroke (5%) that had a slower process. 19 Based on the cut-off values in table 3, the concentration of S100B protein and GFAP concentration was classified as high, intermediate and low level. There was a significant correlation between the severity of NIHSS and the level of S100B protein (r = 0.351; p > 0.001) ( Table 4) . Subjects with moderate and severe NIHSS at admission were frequent to have an intermediate or high S100B protein level than the subjects with mild NIHSS (OR = 3.9; 95% CI 1.8 -8.8, p = 0.001). Subjects with severe NIHSS were also more frequent to have a high S100B level than the mild and moderate NIHSS (Table 5) . On the contrary, GFAP level did not show any significant correlation with the severity of NIHSS (Table 4) . This might be due to the limited number of subjects with severe NIHSS in this study. Further study with a greater number of subjects with severe NIHSS was necessary so that GFAP measurement might be used as a significant marker for severe condition.
In conclusion, the concentration of S100B protein and GFAP showed a different pattern in ischemic stroke. This study showed a weak significant correlation between S100B protein and the severity of NIHSS. The more severe the admission NIHSS, the higher the S100B protein concentration, while the GFAP concentration was significantly higher if the NIHSS had been already severe.
